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1 Introduction
In previous meetings, handling of mapping of ePDCCH in presence of other signals was discussed [1-3].  The conclusion is to let both UE and eNodeB know the exact REs available for ePDCCH transmission. This contribution gives further analysis on remaining details of RE mapping and resource definition for ePDCCH.
2  RE mapping and resource definition for ePDCCH
The PDCCH region is reserved in very beginning of LTE design. This gives more fixed resource set for PDCCH to be further decided on. ePDCCH have to treat with, PDCCH regions, Numbers of CRS ports/ CSI- RS ports, ePDCCH may extend to possible different CP type. Design of ePDCCH has to consider the impact of different signals. A baseline resource definition should be adopted. This can be set by the case when PRB can provide close to maximum number of RE. The eCCE size in that case can be the reference definition. We recommend using normal CP and only reserving DMRS for reference definition. Further configurable signal such as CRS/CSI-RS will reserved the overlapped REs and not transmit ePDCCH in those REs. 
In case signals other than DMRS has reserved too much REs to allow one reference eCCE for effectively transmitting a DCI format, some extension have to be taken. One solution is to have additional eCCE definition, which can allocate less eCCEs in on PRB. Considering the combinations of different signal with ePDCCH, several groups of combination should be defined for different number. The standard impact could be quite high. Then, UE have to deal with cases with different number of eCCE in one PRB. UE detecting DCI formats, CSI-RS ports, etc are UE-specifically configured. ePDCCH starting OFDM symbol can also be UE-specifically configured. The variable number of eCCE in one PRB may cause more complexity to multiplexing eCCEs for different UEs.

Another solution for this is extending the aggregation level, e.g. restrict eCCE aggregation level>1 in case the code rate exceed some threshold and extend maximum aggregation level.  Since the granularity of aggregation is always coarse even in PDCCH, scheduled can adjust the ePDCCH aggregation level in the quite similar ways as PDCCH. Then, we can let the eNodB decide aggregation level based on available REs in eCCE and make the process be transparent to standard. At least for case of ratematching with different signals, it is recommended to change the range of aggregation level.
2.1 eCCE size
eCCE will be used as building block for aggregation. eCCE size need to be consider with the following aspect: 1PRB should have integer number of eCCEs to reduce the number of unused REs. The maximum number of ePDCCH can be multiplexed in 1 PRB due to the antenna ports association and transmission scheme.  
In that sense, Localized/Distribtued transmission have similar requirement for considering eCCE size. To have a unified scheduling and resource management, they should have same number of eCCEs in a RB. This will also help to simplify the implementation. From the perspective of system, one cell will have UE in different channel quality status and then suitable for different transmissions. It is quite be desirable to have same number of eCCE per RB for both transmissions.
For distributed transmission, it is agreed that eCCE can be constructed by eREGs. It is also desirable to have localized transmission been built by that way with only difference that the eREGs are continuous. This allows the multiplexed different kind of transmissions.
The referenced definition is 4 eCCE per RB as illustrated in Table 1 for normal CP. This is equivalent to 36 REs per eCCE with only considering that DMRS is transmitted. Some extreme cases will have DMRS pattern other than that for reference definition of eCCE. On solution is to extend eCCE definition. For extended CP, only 2 maximum ports can be used then the number of eCCE should be 2.  The possible extending cases are illustrated in Table 1.
Table 1 number of eCCE per RB in different case
	
	Number of eCCE per RB

	Normal CP 
	4 (Reference definition)

	Extend CP 
	2 (extended definition)

	Special subframe configruation1
	2 (extended definition)

	Special subframe configruation2
	1 (extended definition)


The other solution is to use same number of eCCE in 1 RB for all cases.  Since the extending definition in extended CP & Special Subframe can be multiple times of the reference definition, the various available REs can be compensated by using different range aggregation level.  In general, we need to careful for introduce multiple definitions for eCCE. This should be validated by significant performance gain.  
For the Extended CP&Sepcial Subframe, the port association in the also need to be further investigated since the patterns are quite different.
2.2 Number of eREGs in one PRB
Number of eREG in one PRB is can be dicided by number of eREG in one eCCE. eREGs span into different PRBs to achieve diversity order of one eCCE, which will be the minimum transmission unit for ePDCCH. In general the referenced definition for the number of eCCE in one RB is 4. Diversity order =2 for one eCCE achieves reasonable transmit diversity as proposed in [4]. Thus, it recommends one PRB have 8 eREGs.
2.3 Exact eREG mapping to REs

Since ePDCCH will further split resources in 1 RPB, it should compensate the demodulation performance difference of RE in different relative position to DRMS, which was optimized for whole PRB demodulation. The dropping of RE due to CSI-RS ports also case uneven eREG distributing over the whole PRB. Further, eREG cannot evenly divide in one OFDM symbol, if one PRB have more than 4 eREGs. It is desirable that eREG be randomly distributed over one PRB and each PRB should have different eREG distribution to avoided certain eREG been heavily ratematched. Figure 1 shows that a permutation scheme can be done for eREGs. The process is done before ratematching the signal of CRS/CSI-RS.
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Figure 1 eREG mapping 
2.4 Whether ePDCCH can be transmitted in PRB pairs in which PBCH or PSS/SSS are tranmitted
The DMRS will be overlapped with PSS/SSS. Thus the PRBs contain PSS/SSS will not have ideal performance for ePDCCH transmission. Few options can be considered:
1） In the central PRBs containing PSS/SSS, no ePDCCH is allowed to be configured. However, this will extremely limited the use case of ePDCCH for narrow band. Further, in sub-frames without PSS/SSS, ePDCCH resource may need to have another configuration than those sub-frames with PSS/SSS.
2） ePDCCH is not allowed to be transmited in the PRBs for PSS/SSS, even ePDCCH search space includes the PRBs transmitting PSS/SSS. 
3） Allowing the ePDCCH configured in the PRB transmitting PSS/SSS, but UE do not demodulate the conflicted ePDCCH.
The option 2 is preferred for better resource utilization and performance of ePDCCH. Since eNodeB can intentionally reuse the central PRBs for PDSCH transmission, it can choose either PDSCH/ePDCCH.
3 Conclusion

In this contribution, we discussed remaining details of RE mapping and resource definition for ePDCCH. We propose: 
· L-eCCE and D-eCCE have the same size. L-eCCE is also based on eREG. 
· For Normal CP, 1 PRB have 4 eCCE, with 36个REs. 1 eCCE have 2 eREGs. Further ratematching for CRS/CSI-RS is based on the reference definition in normal CP.
· REs for eREGs are permuted in PRB and are shifted for different PRB.
· ePDCCH is not allowed to be transmitted in the PRBs for PSS/SSS, even ePDCCH search space includes the PRBs transmitting PSS/SSS. 
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